In this work, the acoustic-phonetic characteristics and the automalic recognition of the American English stop consonants are investigated. The acoustic features that exist in the literature are evaluated and new features are proposed. To test the value of the extracted features, a knowledge-based acoustic-phonetic system for the automatic recognition of stops, in speaker independent continuous speech, is proposed. The system uses an auditory-based front-end processing and incorporates new algorithms for the extraction and manipulation of the acoustic-phonetic features that proved to be rich in their information content. Several features, which describe the burst frequency, formant transitions, relative amplitude, spectral shape and duration, are combined in the recognition process. Recognition accuracy of 9570 for voicing detection and 907C for place of articulation detection are obtained for TM~ database continuous speech of multiple speakers from different dialect regions.
INTRODUCTION
In this work we concentrate on the acoustic-phonetic characteristics responsible for detectin& place of articulation and voicing of stop consonants. The purpose is to test the acoustic features given in the literature, as well as some additional features proposed by the authors, for their information content and possible role in the stop classification task. New algorithms were developed which use the features that prove to be rich in their information content in order to generate some articulatory-based features (such as labiality, alveolarity, velarity and voicing) which are used in phoneme classification (1). Recognition experiments were performed on stop consonants exlractcd from the~MIT database using the generated outputs. The classification results arc reported below.
FEATURE EXTRACTION
The front-end processing system used is an auditory-based system similar to the system developed by Seneff (2). It consists of a Bark-scaled filter bank followed by a hair-cell model and then mean-rate and synchrony detectors. The output of this system is applied to feature detectors which extract the needed features as explained below.
Three main features were needed for accurate voicing detection of stop consonants: 1. Voicing during closure (prevoicing).
Voicing onset time (VOT).
3. Closure duration, An algorithm was developed which uses these features to detect the voicing property ( 1). Using this algorithm for voicing detection on 1200 stop consonants (750 unvoiced and 450 voiced) extracted from continuous speech of 30 speakers of 6 different dialects yielded a correct idcntificat ionnrate of 97Yc as shown in the confusion matrix of table 1. Detection of the place of articulation for stop consonants is one of the most challcngin& Vasks in speech recognition. In our experiments, we made use of the wealth of information (hat exist in (he Iitcra(ure and our own acoustic and spectrogram analysis experiments in order to achieve a good place recognition pcrforrnancc.
We found the following features to be useful in place detection: 1, Burst frequency. 2. The second forrrtant~2) of the following vowel. 3. The maximum normalized spectral slope. 4. The burst frequency prominence. 5, Forman[ transitions before and after the stop. 6. The voicing decision (using the previous section algorithm). Details of the extraction of those features arc given in (I). An algorithm was developed to use the above features to perform place of articulation detection. The result of such detection for 1200 stops from 30 speakers of 6 di ffcrcn[ dialects from the~MIT database is given in 
